In a previous publication we reported a method for the preparation of a heat stable human plasma protein solution (1) . The method was a modification of that of Cohn, Strong, Hughes, Mulford, Ashworth, Melin, and Taylor (2) and used ethanol-water mixtures at low temperatures for the separation of the heat labile crude fibrinogen fraction (Fraction I) and gamma globulin fraction (Fraction II + III) from normal human plasma. The supernatant fluid following the removal of the crude gamma globulin fraction was dried from the frozen state and reconstituted to plasma volume with distilled water. Heating of this material for 10 hours at 600 C. changed the optical density at 550 mF and the electrophoretic distribution very little. Electrophoretically, the heated material was 80 per cent albumin, 16 per cent alpha globulin and 4 per cent beta globulin. Heating of the solution for 10 hours at 600 C. caused the formation of a small amount of a very fast moving component in the ultracentrifuge. The remainder representing approximately 90 per cent of the starting protein concentration was homogeneous and had an uncorrected sedimentation constant of approximately 4.0 x 1018. . The present communication concerns the heat stability of human plasma protein solutions remaining following the precipitation of the Fraction II + III proteins from normal human plasma by different ethanol concentrations and temperatures.
METHODS AND RESULTS
Plasma used in this study was furnished by the American Red Cross through its Regional Blood Centers at Omaha, Nebraska and Springfield, Missouri. The plasma was pooled at the Blood Center in two-liter bottles and 1This investigation was supported in part by research grant (H1229) from the National Heart Institute of the National Institutes of Health, Public Health Service, in part by a grant from the Department of the Army and in part by the University of Kansas. ten liters were shipped to us each week. No attempt was made to keep the plasma cold while en route; At the laboratory the plasma was stored at 180 C. until the fractionation procedure was started.
The procedure for separation of the Fraction I and Fraction II + III proteins from human plasma was exactly the same as that described previously (1) . Only the ethanol concentration and temperature for separation of the Fraction HI+ III proteins were changed. At least 8 liters of plasma were used in each preparation by each method. The protein distribution of the plasma protein mixture was determined using the Klett Electrophoresis apparatus. The dry powder obtained by each method was dissolved to protein concentrations of 1 to 2 per cent in veronal citrate buffer of 0.1 ionic strength and pH 8.6 and dialyzed against this buffer. Table II shows that the plasma protein mixtures prepared by Methods A, B, and C were approximately the same electrophoretically. All contained approximately 80 per cent albumin, 13 to 14 per cent alpha globulin, 5.6 per cent beta globulin, no gamma globulin and no fibrinogen. Methods F and S preparations showed more alpha and beta 1213 Figure 1 . The top row (U) represents the unheated control solutions, the bottom row (H) the solutions heated for 10 hours at 600 C. Figure 1 shows that heating the solutions for 10 hours at 600 C. resulted in the formation of a new electrophoretic component having a mobility close to that of a2-globulin. The size of this component was dependent upon the concentration of ethanol and the temperature used in preparation of the plasma protein mixture. Method Except for the large new component the electrophoretic distribution of the proteins in solutions A, B, C, and F following heating for 10 hours at 600 C. was approximately the same as that of the unheated samples shown in Table II . There were slight reductions in albumin and beta globulin. Those components affected most by heating were the alpha globulins. Electrophoretically the protein distribution in the Method A solutions folb lowing heating for 10 hours at 600 C. was albumin 81.0 per cent, alpha globulin 14.0 and beta globulin 4.2. In both the B and the C solutions Table III shows the effect of heating the plasma protein solutions for 10 hours at 600 C. on the optical density at 550 m,u.
The optical density changes due to heating at 600 C. for 10 hours indicate that the plasma protein solutions of Methods A, B, and C were approximately the same. Table III shows that following heating at 600 C. for 10 hours solution A increased in optical density froml 0.192 to 0.200, solution B from 0.177 to 0.195 and solution C from 0.241 to 0.259. Solutions prepared by Method F showed an optical density change due to 10 hours heating at 600 C. of 0.042. On gross examination following heating the F and S solutions were noticeably more hazy than the A, B, and C solutions.
The difference in initial optical density readings (Table III) may be explained partially by the protein concentrations (Table II) . Since each solution was made to plasma volume, the A, B, C, F, and S solutions were approximately 3.4, 3.5, 3 .9, 4.3, and 4.9 per cent in protein, respectively, as measured by the biuret method (5) . Whether the change in optical density due to heating the solutions for 10 hours at 600 C. can be explained by difference in protein concentration has not been demonstrated conclusively. When 5, 6, and 7 per cent protein solutions were prepared from Method A material, the optical density changes following heating were only 0.01, 0.03, and 0.035 respectively. Method S solutions changed from an initial optical density of 0.365 to 0.473 or 0.108 on heating for 10 hours at 600 C.
The addition of either 0.008 M sodium acetyl-DL-tryptophanate (AT) or 0.008 M sodium caprylate (Cap) as stabilizers had little effect on the optical density change of solutions heated for 10 hours at 600 C (Table III) . The optical density changes of solutions containing these substances were about the same as those containing no added stabilizer. Preliminary evidence (6) indicates that both tryptophanate and caprylate were effective in solutions heated for at least 75 hours at 600 C. Solutions containing no added stabilizer and heated at 600 for 75 hours or more showed a greater change in optical density than did the same solutions containing either added tryptophanate or caprylate.
The effect of heating for 10 hours at 600 C. on the ultracentrifugal sedimentation diagrams of the plasmta protein solutions
Heated and unheated samples of plasma protein solutions prepared by Methods A, B, C, F, and S were studied in the Spinco Ultracentrifuge Model E. Each solution was diluted with 0.15 M NaCl such that the protein concentration was approximately 1.0 per cent. For each solution the heated and unheated samples were run at the same time using both cells of the rotor. Each solution was run at full speed of 59,700 RPM for 90 to 100 minutes and pictures were taken usually at 2, 5, 10, 20, 30, 40, 50, 60, 80, and 90 minutes after full speed of the rotor had been attained. As the rotor approached full speed pictures were taken also at 45,000 RPM and 57,000 RPM. Figure 2 shows the ultracentrifuge diagrams of the plasma protein solutions prepared by Methods A, B, C, F, and S. Column 1 represents pictures taken at the time the rotor had reached full speed, column 2 those taken 20 to 40 minutes after full speed and column 3 those taken 80 to 90 minutes after full speed. The upper diagram in each picture represents the solution heated for 10 hours at 600 C. and the lower diagram the unheated control solution.
A very fast moving heterogeneous component appeared in all solutions heated for 10 hours at 600 C. as the rotor neared full speed (arrow, upper diagrams, Al, Bi, Cl, Fl, and S1). Very little was seen in the unheated solutions. The size of the component increased as the ethanol concentration and temperature used in preparation were decreased and increased, respectively (Method A to Method S). Figure 2 shows that each of the unheated solutions had a small amount of fairly homogeneous material which appeared in the diagrams after the very fast moving component of the heated solutions had disappeared (arrow, lower diagrams, A2, B2, C2, F2, and S2). None of this component appeared in diagrams of heated solutions. It is suggested that during 10 hours' heating at Later in the ultracentrifuge run another component appeared in both the heated and unheated samples of the F and S solutions (arrows, upper and lower diagrams, F3 and S3). This component was hardly discernible in the diagrams of the solutions prepared by Methods A, B, and C (arrows, A3, B3, and C3). In the heated samples of F and S solutions this component was smaller than it was in the unheated samples. This difference suggests that during 10 hours' heating at 600 ...C. a portion of this component became part of the very fast moving material. The effect of 10 hours' heating at 600 C. on the main component of the plasma protein solution is shown in Figure 2 . The greatest effect was in the S solutions (upper diagram, S3). The main component in the S solutions following 10 hours heating at 600 C. was markedly less than that of the unheated S solutions. The main components of the A, B, C, and F solutions were less following heating for 10 hours at 600 C. than they were in the unheated solutions. A rough calculation of the total areas of all components in both the heated and unheated solutions indicates that the size of the very fast heterogeneous component in heated solutions accounted for the decrease in area of each of the other components.
The extent to which the main component (Figure 2 , A3, B3, C3, F3, and S3) was reduced when the solutions were heated for 10 hours at 600 C.
is shown in 
